Objective: Human serum paraoxonase (PON1) prevents lipids from peroxidation and functions as an antioxidant mechanism. Malonyldialdehyde (MDA) is the final product of lipid peroxidation and can be used as an indicator of oxidative stress. The aim of this study was to investigate PON1, MDA, and arylesterase (ARY) levels in schizophrenic patients who are taking typical, atypical, or combined (typical and atypical) antipsychotic drug treatment, with respect to those of healthy controls. Methods: We evaluated 41 patients (11 taking typical antipsychotics, 19 taking atypical antipsychotics, 11 taking combined antipsychotics) and 43 healthy controls. Results: MDA levels were higher in schizophrenic patients taking typical antipsychotics compared with healthy controls (p=0.001). ARY levels were higher in patients taking atypical antipsychotics compared with healthy controls (p=0.005). PON1 activity was similar in all groups. Conclusion: Our results indicate that treatment with typical antipsychotic drugs could be related to increased MDA levels; and antipsychotic medication may increase PON1 levels in schizophrenic patients.
INTRODUCTION
Schizophrenia is a devastating disorder, usually starting in adolescence or early adulthood and continuing throughout a patient's life with relapses and remissions. One percent of the general population is affected by schizophrenia, and the expected life span is shorter among these patients than for those who do not suffer from this disease. 1, 2) Both typical and atypical antipsychotic drugs are used to treat schizophrenia.
3) Many neuroimaging, biochemical, and genetic research studies done in attempts to understand the etiology and neurobiology of schizophrenia. [4] [5] [6] These studies include the investigation of peripheral blood, an easily accessible, and thus feasible and useful, tissue to examine; genetic markers like microRNAs; and biochemical studies, which include oxidative stress levels and antioxidant capacity assays. Prolidase levels and inflammatory cytokines also have been topics of interest in this context. [7] [8] [9] [10] [11] [12] Human serum paraoxonase (PON1) is a serum esterase, synthesized by liver, which has both paraoxonase and arylesterase (ARY) activity, and takes an important place in preventing low-density lipoprotein from peroxidation. 13, 14) PON1 is attached to the exterior surface of the cell and transported to high-density lipoprotein (HDL) by lipoproteins. After this transportation, PON1 sets a strict conjugation with HDL, 15) and because of reported antioxidant effects, PON1 activity has been investigated in schizophrenic patients. To date, most studies have considered the effects of atypical antipsychotics like olanzapine, quetiapine, and risperidone on PON1. [16] [17] [18] As far as we know, atypical antipsychotics usually increase PON1 levels.
ARY is a form of paraoxonase that doesn't represent any polymorphism of activity. Thus, it can be evaluated as an identifier of actual protein concentration. PON1 activity is independent from age and sex, but is influenced by smoking, pregnancy, diet, and acute phase reactants. 19, 20) To date, completed studies did not include patients taking typical antipsychotics in terms of PON1 and ARY. In our study, we evaluated patients taking both typical and combined antipsychotic treatment, as well as atypical antipsychotics.
Free oxygen radicals are of importance in oxidative processes, and their increase will result in excessive lipid peroxidation, which is responsible for tissue damage. 21) Malonyldialdehyde (MDA) can be used as an indicator of oxidative stress because it is the final product of lipid peroxidation. 22) In this context, numerous studies have investigated MDA levels in schizophrenic patients and, despite controversial results, conclusions from previous data consistently find that increased MDA is present in schizophrenics. Earlier studies of MDA have also included atypical antipsychotics like olanzapine and quetiapine. 23) There are several factors that form a basis for brain vulnerability to oxidative stress. For instance, the brain consumes oxygen at high levels; therefore, increased oxygen consumption may induce an increase in free radicals. Additionally, brain tissue contains a high amount of lipids, which is a potential substrate of peroxidation. Finally, the brain has modest antioxidant mechanisms, which may be inadequate in the presence of excessive oxidation, and the imbalance of disrupted oxidative and antioxidant processes has been implicated in schizophrenia. 24) In this study, our aim is to investigate three parameters in schizophrenic patients: PON1, ARY, and MDA. PON1 is an important enzyme that prevents lipids from peroxidation, in contrast to MDA, which is a substrate of lipid peroxidation and can be a useful marker to determine oxidative stress levels. Investigating ARY is important because it represents actual protein concentration. Finally, an additional important feature of this research is the inclusion of patients who are taking typical, atypical, or combined antipsychotic treatments.
METHODS

Subjects
Dicle University Ethical Committee approved our study (approval no. 45). Written informed consent was obtained from all patients according to the Helsinki Declaration. Patients who were admitted to Dicle University Faculty of Medicine Psychiatry Department were included. We evaluated patients with the Positive and Negative Syndrome Scale (PANSS) and the Clinical Global Impressions Scale (CGI). The control group consisted of individuals without any psychiatric or medical condition. Schizophrenic patients between 18 and 65 years of age were diagnosed, without any comorbid psychiatric or medical condition, according to the Diagnostic and Statistical Manual of Mental Disorders 4th edition, text revision (DSM-IV-TR) in the Department of Psychiatry at Dicle University Hospital. Only patients using antipsychotic drugs for schizophrenia were included in this study. Our study included 41 patients and 43 healthy controls who met these parameters.
Blood Sampling
Blood samples were obtained via the antecubital vein. Samples were then transferred into heparinized tubes and centrifuged at 3.000 rpm to separate the sera, and then transferred to storage at −20 o C within six hours.
Measurement of Paraoxonase and Arylesterase Activity
We used paraoxon and phenyl acetate substrates to measure paraoxonase and ARY activities. We measured the rate of paraoxon hydrolysis (diethyl-p-nitrophenyl phosphate) by monitoring an increase of absorbance at 412 nm at 37 o C. The amount of generated p-nitrophenol was calculated from the molar absorptivity coefficient at pH 8, which was 17,000 M −1 cm −1
. To express paraoxonase activity we used U/L serum. ARY activity was measured with phenyl acetate. The molar absorptivity coefficient of the produced phenol used to calculate enzyme activity was 1,310
. One unit of ARY activity was defined as 1 mol phenol generated/min under the above conditions and expressed as U/L serum.
25)
Measurement of Malondialdehyde Levels
The method of Draper et al., 26) which is based on the reaction of MDA with thiobarbituric acid (TBA) at 95 o C, was used to determine MDA levels. MDA with TBA reacts to form a pink pigment with an absorption maximum at 532 nm, and was the basis of TBA test reaction. We performed reaction testing at pH 2-3 at 95 o C for 15 minutes. For protein precipitation, the sample was mixed with 2.5 volumes of 10% (w/v) trichloroacetic acid. The precipitate was pelleted by centrifugation and an aliquot of the supernatant was allowed to react with an equal volume of 0.67% TBA in a boiling water bath for 15 minutes. The absorbance was read at 532 nm, following cooling. Arbitrary values obtained were compared with a series of standard solutions (1, 1, 3, 3 tetramethoxypropane). Results were expressed as nmol/ml. 26) Fig. 2. Plasma malondialdehyde (MDA) levels of overall schizophrenia patients and controls were 5.4±2.7 nmol/mL and 3.9±1.8 nmol/ml, respectively; p=0.001. 
Statistical Analysis
Statistical analyses were performed using SPSS software, version 11.5 (SPSS Inc., Chicago, IL, USA). The variables were investigated with Kolmogorov-Smirnov/ Shapiro-Wilk's tests to determine whether or not they were normally distributed. To compare means and parametric variables, the Student's t-test was performed, and was also used to compare ARY levels between groups. Comparisons of non-parametric variables were done with the Mann-Whitney U-test, as well as to compare PON1 and MDA levels. A p value of less than 0.05 was considered significant. Either the chi-square test or Fisher's exact test, when chi-square test-assumptions do not hold due to low expected cell counts, were used to compare data where appropriate. We used the Pearson test to define correlation coefficients and their significance when both parameters were normally distributed. To detect significance between multiple groups, we used ANOVA for parametric variables, and Mann-Whitney U-test for non-parametric variables. Finally, we employed the Tamhane T2 test as a post hoc test to compare parametric variables between groups, and the Bonferroni correction was applied to detect significance, while comparing non-parametric variables in multiple groups. p＜0.0125 was accepted as significant after correction.
RESULTS
Patient and control groups were similar in terms of age, gender, smoking status, and where each placed on the body mass index (Table 1 ). Shown in Figures 1 and 2 , are the overall mean plasma PON1, MDA, and ARY levels of both schizophrenic patients and the healthy controls.
We also took into consideration that 18 of the 41 patients had a family history of schizophrenia, and 24 of the 41 patients fell within the paranoid subtype. Mean and standard deviations for PANSS-P, PANSS-N, PANSS-G, PANSS-overall, and CGI were 21.7±8.2, 22.5±11.1, 46.4±16.7, 90.9±33.4, and 3.6±1.2, respectively.
To determine more specific data, we performed post hoc analyses of patients using typical, atypical, and combined (both atypical and typical) antipsychotics, as well as of the healthy controls. We compared each group with other groups separately to detect the origin of significant differences in ARY and MDA levels. For ARY, we performed ANOVA, because it presented normal distribution. For MDA, we performed the Mann-Whitney U-test separately between groups, and accepted a p value of ＜0.0125 after the Bonferroni correction. Table 2 presents the mean values of MDA, PON1, and ARY for each group. For ARY, statistical differences originated from comparison of patients using atypical antipsychotics with healthy controls, p=0.005. There weren't any statistical differences for other comparisons. After applying the Mann-Whitney U-test between each group, MDA levels were significantly higher in patients taking typical antipsychotics than were those of the healthy controls (p=0.001).
DISCUSSION
This study compared MDA, PON1, and ARY levels in schizophrenic patients with those in the healthy control group. First, when we compared overall schizophrenic patients with the control group, we found that overall ARY levels were significantly higher in the patient group (p ＜0.001). After performing multiple tests to narrow these findings down to more specific results, we found that of these patients' groups, the higher levels originated from the group taking atypical antipsychotics (p=0.005). As well, we found that when compared with the control group, overall MDA levels were statistically higher in the patient group. Narrowed down further, we found the higher MDA levels were significant for patients on typical antipsychotic drug treatment (p=0.001).
MDA has been investigated in schizophrenic patients extensively and, as with our study, there are other studies that have found significantly increased MDA levels in this population. For instance, in one study, Kuloglu et al. 27) found plasma MDA levels higher in schizophrenic patients than in controls (4.76±0.79 and 2.710±0.50, respectively). In contrast, there are reports indicating no significant differences relating to lipid peroxidation among schizophrenic patients. 28) A meta-analysis of 17 studies, which included 761 patients and 458 controls, revealed that increased MDA levels seem to be a consistent, but not a universal, finding in schizophrenic patients. 23) One possible explanation for increased MDA levels in patients could be that the heightened level is a disease trait of schizophrenia.
The remarkable finding of our study is the significantly higher MDA levels found in patients who were taking typical antipsychotics than in those on atypical or combined drug therapies. This finding could be interpreted in two ways: one, typical antipsychotics may cause increased oxidation in patients; or two, typical antipsychotics could be inadequate in terms of decreasing oxidative stress in schizophrenic patients. Consistent with the first statement, the typical antipsychotic, haloperidol, was found to be associated with increased cell death secondary to necrosis. This devastating side effect of haloperidol reversed with the administration of vitamin E, a free radical scavenger. 29) Likewise, there is evidence supporting the inadequacy of haloperidol on decreasing oxidative stress. Park et al. 30) demonstrated that atypical antipsychotics like olanzapine, aripiprazole, and ziprasidone could be helpful with regard to decreasing oxidative stress by modulating reactive oxygen species and superoxide dismutase activity. In this study, haloperidol lacked the ability to decrease oxidative stress, which is compatible with our second conjecture. Furthermore, supporting our two conjectures, haloperidol treatment at both 45 and 90 days resulted in decreased antioxidant enzyme activities like superoxide dismutase and catalase, while increasing hydroxyalkenals, which are markers for lipid peroxidation. 31) We didn't find any differences regarding PON1 activity among any of the groups and is probably due to the antipsychotic medication itself. Several studies indicate that PON1 activity reaches a similar level with subjects after antipsychotic drug treatment as the PON1 activity in the control group. For instance, Sarandol et al. 17) compared PON1 activity in schizophrenic patients who were taking atypical antipsychotics to healthy controls. Although they found a significant difference in PON1 activity before treatment, the difference disappeared after atypical antipsychotic medication. Another study by Unsal et al. 16) showed significantly decreased PON1 activity in schizophrenic patients taking olanzapine but not quetiapine. A recent study, which includes 51 drug-naive schizophrenic patients, investigated the effects of risperidone on PON1 activity and found that patients had significantly lower PON1 activity before treatment. However, after risperidone treatment, PON1 activity increased significantly, reaching a similar level to that of the healthy controls. 18) Mounting data suggest that atypical antipsychotics increase PON1 activity in schizophrenic patients, which, upon evaluating our results, support our findings on the lack of differences in PON1 activity among groups, and is probably due to antipsychotic drug treatment.
We found ARY levels were higher in patients regardless of the antipsychotic drug type; however, there were significant differences in patients who were taking atypical antipsychotics. Increased ARY levels may be due to antipsychotic treatment, or may be a result of compensatory increase secondary to lipid peroxidation. Sarandol et al. 17) found that antipsychotic treatment increased ARY levels in schizophrenic patients, supporting our first suggestion. Selek et al. 32) suggests that increased antioxidant levels in obsessive-compulsive disorder patients may be a rebound response to oxidation. However, they also stated that this could be a result of the chronicity of this disorder. The above-mentioned mechanisms are consistent with our hypothesis that antipsychotic drug treatment increases ARY levels.
Limitations of our study include the cross sectional design, lack of a drug-naïve patient group, and its small sample size. Our study is significant in that it's the first study to compare and evaluate patients suffering from schizophrenia, and who are on typical, atypical, or combined (typical and atypical) antipsychotic drug treatment.
Briefly and in summation, we found patients taking typical antipsychotics demonstrated higher MDA levels than other groups, suggesting a drug-related secondary increase in oxidative parameters or an inability of the drug to decrease oxidation. PON1 activity was similar in all groups, suggesting that antipsychotic drugs may increase PON1 activity. And finally, because ARY levels were higher in schizophrenic patients, the mechanism in effect may be a compensatory response to increased lipid peroxidation.
